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@) Detecting the preaence of a substance In a fluid, 

@ A system for detecting the presence of e substance (e.g. carbon dioxide) In a fluid (17) Is d 

Which means (11) far Bmittlng electro-magnetic radiation Is provided. Said radiation is arranged to pass 
through the fluid and means (14) are provided for separating the radiation Into first and second 
components (18,19) and detection means (15,16) are provided for detecting said frst and second 



Signals generated from each of the detection means may be compared and the preaence of the 



, d by the presence of the substflnce, such as by absorption. The second 

component should be selected to have a wavelength which Is not affected by the presence of the 
i and thereby provides a reference signal, allowing variations due to othBr facto™ to be 
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The present Invention relates to a method of 
detecting the presence of a substance In a fluid and 
to a system for detecting the presence of a substance 
In a fluid. 

Methods ere known for determining the cancan- 5 
tratlon of a particular gas In a mixture of gases, such 
as the concentration of carbon dioxide In air, or In 
other similar gas mixtures. For example, In landfill 
alias the concentration of carbon dioxide Is measured 
to give an Indication of the extent of decay of organic io 
matter. Furthermore, carbon dioxide la also measured 
in habitated environments as a means of adjusting 
ventilation and pollution control equipment. 

Further applications for the monitoring of carbon 
d loxlde incl ude the monitoring of local gas and ga see is 
in the production of food and beverages, Including 
alcoholic beverages. Carbon dioxide Is also used In 
greenhouses to promote plant growth and its concen- 
tration may also give an Indication as to the ripeness, 
decay or rate of growth of the plants. In Industrial pro- 20 
cesses, the concentration of carbon dioxide can give 
an Indication of combustion efficiency end of other 
chemical processes, which In turn may be used to 
control manufacturing conditions, In addition to 
straightforward monitoring. The measurement of car- ?s 
bon dioxide concentration also has medical appli- 
cations where, for example, the monitoring of carbon 
dioxide concentration In respiratory gases Is 
employed In anaesthesia and cardiovascular testing. 

A problem with known methods of detecting the 30 
presence of, for example, carbon dioxide is that the 
testing procedure may be slow andtorlnaccurete. It Is, 
therefore, an object of the present Invention to provide 
and improved method for detecting the presence of a 
substance In a fluid. 35 

According to a first aspect of the Invention, there 
is provided a method of detecting the presence of a 
eubstance In a fluid, characterised by the steps of pas- 
sing a beam of radiation through said fluid, separating 
said beam Into two or mora components and compar- *o 
Ing a first one or more of said components with a sec- 
ond one or more of said components. 

Preferably, said components have different 
wavelengths, which may be substantially com- 
plementary. In a preferred method, the comparison of 45 
said components Involves comparing the radiation 
power of said components. Preferably, said radiation 
Is visible or has a wavelength within the Infrared reg- 
ion of the spectrum. 

According to a second aspect of the Invention, so 
there Is provided a system for detecting the presence 
of a substance In a fluid, characterised by means for 
emitting electro-magnetic radiation, said radiation 
being arranged to pass through said fluid, means for 
separating radiation intofirst and second components ss 
and detection means for detecting said first and sec- 
ond components. 

Said fluid may be s liquid, e ges or a plasma and 



the means for emitting electro-magnetic radiation is 
preferably a light emitting diode. An active region of 
said light emitting diode may be fabricated from any 
of groups II, III, IV or VI of the periodic table and pref- 
erably an active part of said light emitting diode Is fab- 
ricated from Indlum-arsenlc-anHmony-phospharus 
{InAsSbP). 

Preferably, said means for separating the radi- 
ation Into components comprises one or more optical 
filters and, preferably, said components have sub- 
stantially different and preferably substantially com- 
plementary, wavelengths, 

Said optical niter may be a beam splitting filter, a 
thin film optical filter, a prism, a detraction grating, a 
neutral density filter or an attenuating filter. Said 
means for detecting components may be a photo vol- 
taic or photo conductive detector, a pyroelactrlc 
detector, a Golay cell, a photo transistor, a photo mul- 
tiplier tube or a charged coupled device. 

Preferably, said detecting means is a lead 
selenlde (PbSe) photo detector. Preferably, a first 
detected signal of the system Is a reference signal and 
e second detected signal Includes Information relating 
to the amou nt of said su bstance contained in the fluid, 
whereby said first signal is used to compensate said 
second signal for variations in the system. 

The system may further comprise a computer, a 
logic unit, a microprocessor, a memory device, a dis- 
play device or a recording device. 

Preferably, said radiation is modulated at a fre- 
quency or modulation In the range of from zero to fifty 
million (50.000.000) cycles per second. Preferably, 
said electro-magnetic radiation has a wavelength In 
thB range of from 0.1 micrometre to 100 micrometre. 
Said substance may be carbon-dloxlde and the sys- 
tem may include means for analysing and/or storing 
data corresponding to a signal of said components. 

The Invention will now bB described by way of 
example only, with reference to the accompanying 
drawings, In which: 

Figure 1 shows a system, embodying the present 

Invention, for determining the presence of a first 

substance In a fluid; 

Flgura 2a Shows a spectrum of radiation emission 
Of an electro-magnetic radiation source, consist- 
ing of the power of the radiation plotted against 
the wavelength of the radiation; 
Figure 2b graphically represents the transmit 
tance of radiation through a fluid plotted against 
wavelength; 

Figure 2c graphically illustrates the radiation 
transmission characteristic of a filter; 
Figure 2d graphically Illustrates a radiation reflec- 
tion characteristic for a filter; and. 
Figure 3 shows another system, embodying the 
present Invention, for determining the presence 
of a substance In a fluid. 
A gas monitoring system, comprising a source of 
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electro-magnetic radiation 11, In the form of a light 
emitting diode, le shown In Figure 1. The light emitting 
diode 11 emits Infrared radiation 12 over a band of 
wavelengths and an optical filter 14 selectively trans- 
mits or reflects different wavelengths within said 
band. A first optical detector 15 detects radiation 
which the optical flttor 14 has allowed to pass theret- 
hrough and a second optical detector 16 detects radi- 
ation reflected by said filter 1 4. A particular advantage 
of using a light emitting diode Isthatthe radiation emit- 
ted by said diode may be modulated, thereby aiding 
the detection of said signal and minimising effects 
Introduced by dc drift etc. 

The radiation emitted by the light emitting diode 
1 1 pause through a region 17 In whloh a fluid, a mixt- 
ure of fluids, a mixture of fluid and particles or a 
plesma Is present. The region 17 may be e chamber, 
a gas pipe, a fluid outlet, free space, a low pressure 
chamber or any other cavity or apace containing a 
fluid, mixture or plaama. Contained within the region 
17 is a substance which la to be detected, for 
example, the substance under detection may be car- 
bon dioxide which, as previously stated, requires 
detection in many working environments. However, 
the Important operating constraint Is that the subst- 
ance being detected must absorb radiation within the 
band emitted by the light emitting diodes. 

The radiation transmitted through the region 17 is 
split Into two components Identified In Figure 1 as 18 
and 1 9, by the optical filter 1 4 and each component is 
detected by optical detectors 15 and 16 respectively. 
Due to the nature of the optical filter 14, each radiation 
component 18 and 19 occupies e substantially diffe- 
rent band of optical frequencies. 

The optical detectors 10 end 18 each detect the 
intensity or power of the light directed thereon in 
beams 18 and 19 respectively and each detector pro- 
duces an electrical signal which is related to the inten- 
sity of Its respective beam, For the purposes of this 
disclosure, it should be understood that the term "opti- 
cal" Includes Infrared and ultra-violet radiation In addi- 
tion to the visible spectrum. 

When modulated radiation Is used, the resulting 
electrical signals ere also modulated and, as such, 
may be amplified by means of ac coupled amplifiers. 
The filter 1 4 may be a cube type beam splitter or a thin 
film beam splitter, a prism, a crystal or any other type 
of beam splitter which spatially eeparates out different 
wavelengths of radiation, The detectors 15 and 16 
have performance characteristics which are substan- 
tially the same for each detector and, therefore, the 
detectors may be matched one to the other. To facili- 
tate processing of the Information obtained, the sys- 
tem also IncludeB a computer or other logic unit Tor 
control ofthe system functions, a storage unit for the 
storage of data and/or signals and a display device for 
displaying system data and other related signals. 

Referring to Figure 2a, a radiation source, for 



example a light emitting diode, emits radiation with a 
power Intensity I, covering a broad range of 
wavelengths and having a central wavelength of W1 
micro metre. Referring to Figure 2b, a fluid, a mixture 

s or a plasma, of the type identified above with refer- 
ence to Figure 1, absorbs radiation emitted by the light 
emitting diode over a band of wavelengths near to the 
centre wavelength W1 . Referring to Figure 2c, an opti- 
cal filter has a radiation transmission characteristic In 

10 which a band of incident radiation about the 
wavelength W1 Is transmitted by the filter. The trans- 
mitted band Is narrow compared to the band of radi- 
ation emitted by the radiation aource. Referring to 
Figure 2d, the filter has a reflection characteristic 

is which la approximately complementary to the trans- 
mission characteristic shown in Figure 2c, for the ref- 
lected Incident radiation. The reflectance shown In 
Figure 2d and the transmittance shown In Figure 2c 
are not perfectly complementary, due to light ebaorp- 

20 tlon, resulting in power loses. 

During operation or the system, the radiation 
emitted by the light emitting diode 11 may be used to 
detect the concentration of carbon dioxide present In 
a fluid or mixture. Infrared radiation from the light emit- 

2S ting diode 1 1 passes through the fluid In region 17 to 
the filter 14, whereafter It Is split and supplied to opti- 
cal detectors 15 and 16. The radiation may be sub- 
stantially omnidirectional or It may be focused into a 
unl-dlrectlonal beam towards the filter 14. 

38 The characteristic of the radiation produced by 
the light emitting diode 11 is, as previously Identified, 
illustrated in Figure 2a and when arranged to detect 
carton dioxide, the central wavelength W1 is 
arranged to be as close as possible to 4.2 micro 

3s metre, a wavelength which Is absorbed to a large 
extent by carbon dioxide. 

ThB fluid, mixture or plasma In region 17 may be 
transparent to e wide range of wavelengths of the light 
emitted, however, ir the fluid contains a substantial 

40 amount of the detectable substance, carbon dioxide 
In this example, the presence of the carbon dioxide 
causes the combined fluids to generate a dip In the 
transmission characteristic, as shown In Figure 2b, In 
which certain wavelengths ofthe radiation are absor- 
bs bed by the carbon dioxide. Thus, In addition to absorb- 
ing light having a wavelength of 4.2 micro metre, 
carbon dioxide will also absorb Infrared radiation hav- 
ing a wavelength of 7.46 micro metre and 15 micro 
metre. 

so The power of radiation incident on each of the 
detectors 15 and 16 la determined by several factors, 
including the power of the radiation emitted by the 
sourcB 11, the level of reflection, scattering and 
absorption by the fluid, mixture or plesma due to Its 

56 opacity, den sity of the flu Id contained within the region 
17 and the alignment of the components. Thus, to 
achieve optimum results, the components should be 
optically aligned In a stable position so that, once eet 
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up, variations in power due to variation in system 
alignment are small and/or affect the power received 
fay each of the detectors to the same extent, whereaf- 
ter this Inlluance may be cancelled out. The system Is 
initially calibrated, after fixing the alignment, by pas- s 
sing a fluid Into the region 17 which Is free of or has 
a known amount of the substance to be detected. 
Thereafter, the signals received from each detector 
ere compared and processed by suitable equipment, 
such as a computer or micro processor. Thus, the cali- 10 
bratlon takes account of differences In detector 
characteristics and/or optical alignment. 

Changes in the emitted radiation power of the 
source are cancelled by comparison of the signals for 
the Arat a nd second detectors 1 5 a nd 1 6. Such a earn- is 
parlson can be in the form of a division of the first sig- 
nel from a detector 15 by a signal from the second 
detector 16 and such a division may be performed by 
analog or digital circuitry. A resulting signal repre- 
sents a density of carbon dioxide present in the fluid, zo 
mixture or plasma end may be stored In a memory 
device, used to actuate logic operations In a computer 
or microprocessor or used to activate en alarm or 
valve system, arranged to activate a display to an 
operator, recorded or otherwise acted upon In a suit- 25 
able way. 

Referring to Figure 3, an alternative monitoring 
system, embodying the present invention, ie shown. 
The system has a radiation source 21 which emits 
radiation 27 towards optical detectors 23 and 25 via so 
a test region 2B and filters 22 end 24. The region 26 
contains a fluid era mixture, similar to that previously 
described, in which a substance (for example carbon 
dioxide) Is to be detected. The principle of operation 
of the system Is similar to that described with respect 35 
to the system shown In Figure 1, however, the niter 
arrangement shown In Figure 3 differs from that 
shown In Figure 1. 

In the embodiment shown In Figure 3, the two fil- 
ters 22 and 24 are each selected to cover different *o 
wavelength bands, which ere substantially non-over- 
lapping with each other. One of the filters Is a band 
pass filter, which Is selected to pass a band of 
wavelengths which broadly coincides with a band of 
wavelengths which Is absorbed by the substance in 4S 
the fluid, for example, the absorbed band of 
wavelengths corresponding to the dip in Figure 2b. 
Such a niter characteristic may, for example, be ae 
shown In Figure 2c. The other filter can have either a 
band pass or a band reject characteristic and. In the so 
case of a band reject characteristic, a filter can. for 
example, have paaB wavelengths on either side of the 
band of the wavelengths which are highly absorbed 
by the substance, while attenuating radiation of the 
same band of wavelengths which are highly absorbed ss 
by the substance. 

In the alternative arrangement, the other filter is 
a band peas filter, arranged to peas a band of 



wavelengths which does not coincide with the band 
absorbed by the substance, or with the band covered 
by the first filter, although still being a band which is 
within the range of wavelengths emitted by the radi- 
ation source. An example of such a band may be that 
centred around the wavelength W2 shown In Figure 
2a, but not overlapping the dip or the characteristic 
centred about the wavelength W, shown In Figure 2b. 

The optical detectors 23 and 25 may each have 
characteristics which are closely matched to each 
other and. Ideally, have a flat broad bend wavelength 
response. 

In operation, a signal of the first detector Is pro- 
portional to the radiation power transmitted by the first 
filter is related mainly to the power output of the radi- 
ation source and to the amount of radiation absorbed 
by the fluid of the mixture In the region 26. A signal of 
the second detector is proportional to the powertrane- 
mltted through the second filter and Is related sub- 
stantially only to the power output of the radiation 
source. Thus, one wavelength band of radiation from 
a single source, which Is not absorbed by the carbon 
dioxide, may be used to provide a reference signal 
which relates to the amount of power radiated, the 
general amount of broad band scattering and/or 
absorption due to the fluid, The second wavelength 
band originates from the same radiation source and 
experiences the same conditions or scattering and 
radiation power but, being also directly absorbed by 
thB carbon dioxide, may be also used to provide a sig- 
nal which Is dependent upon the amount of carbon 
dioxide present In the fluid. 

Thus, by comparing the second signal to the first 
signal, the part of the second signal which relates to 
the carbon dioxide content of the fluid may be extrac- 
ted. Such a comparison may be made as described 
hereinabove with reference to Figures 1 and 2. 

The above described preferred embodiments 
may Include more than two filters and corresponding 
detectors, such that third and extra Altera each pass 
a band of frequencies corresponding to a second or 
subsequent substance In the fluid or mixture, for 
detection of a multiplicity of substances In the fluid or 
mixture. The aforementioned Altera may be plate 
glass, crystal orttiln film visible. Infrared or ultra violet 
Alters. Any radiation source which emits anywhere In 
the wavelength range from about 100 micro metre to 
0.1 micro metre may be ueed. Such sources may 
comprise a small rod of silicon carbide, a composition 
of zirconium and/or thorium and/or cerium, which are 
electrically heated. Other variations may also be 
ueed, for example a hot filament which emits a broad 
range of infrared radiation. 

WhBn a light emitting diode li used, se|d diode 
may be made of any semiconductor compound 
derived from a composition of elements of groups II, 
III, IV end/or V of the periodic table of elements, for 
example a light emitting diode which la made from 
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InAsSbP and fabricated an an InAs substrate. The 
detection meana may ba a photodBtector such as a 
| B gd selenlde (PbSe) photodlode. 

As en alternative to using a broad band of 
wavelengths, it la also possible to employ a multip- 
licity of essentially discrete wavelengths. Such a 
range of discrete wavelengths may be obtained from 
a multlmode ormonomode diode laser, which emits a 
number or discrete wavelengths at predetermined 
positions within the spectrum. Such s laser diode 
source may have an advantage of being arrangeeble 
to concentrate the radiation into a narrow beam, faci- 
litating the accurate alignment of components. 

It is possible that the radiation from a laser could 
be routed through optical fibre end emitted from the 
said fibre at the site of the fluid. Such an arrangement 
may provide the advantage of enabling a single laasr 
to be used for a number of sensor systems, wherein 
euoh sensor systems may be arranged In an area or 
along a vessel or pipe containing the fluid, to form a 
distributed or extended sensor system hevlng radi- 
ation supplied from a single laser source, In such an 
application, e hlghpowarlasarmsybo required, such 
as a carbon dioxide laser. 

The system need not necesssrlly consist of semi- 
conductor or photo multiplier devices at the site of the 
fluid and may, alternatively, comprise a lens, mirror 
and/or optical fibre arrangement for transmission of 
the respective light components to a site remote from 
the fluid. Combined with the aforementioned optical 
fibre delivery of light, detection or the light compo- 
nents via optical fibre may have an advantage that no 
electrical components are positioned at the site of the 
flu id, thereby el Imlnatlng fire risk due to the production 
of electrical discharge from the electrical compo- 
nents. 

An advantage of the systems disclosed herein Is 
that, owing to the lack of moving parts, the systems 
have Increased robustness and require less mainte- 
nance. A light emitting diode and a fixed filter arrange- 
ment according to a preferred embodiment of the 
present Invention may have an advantage of forming 
a very compact assembly, which can be practically 
mounted in a smell volume. Such an assembly may 
also provide the advantage, in use, of being less Intru- 
sive to laminar fluid flows. 

The above described preferred embodiments of 
the present Invention may have en advantage that 
mechanical chopper devices, arranged to modulate 
the intensity of radiation, are unnecessary for their 
operation. The preferred embodiments may have 
further adventages that the component cost is 
reduced by alleviating a need fore mechanical chop- 
per, Owing to the absence of such mechanical chop- 
per and the associated electric motor, sparks from the 
brushes of such a motor may be avoided and the pre- 
ferred embodiments may therefore be safer for use in 
hazardous conditions where explosive fluids are pre- 



sent. 

Furthermore, the preferred embodiments may 
have an advantage of low power consumption, enabl- 
ing battery powered embodiments, for example as 

s may be used In remote locations where a cable power 
supply was inconvenient, such as under sea or In 
desert locatfans, Where such e battery powered unit 
la used In a hazardous environment, the unit may be 
sealed for the life of the unit, thus avoiding the pos- 

10 siblllty of sparks from electrical connections. 

By employment of a light emitting diode with 
associated detectors and circuitry, preferred embodi- 
ments of the present Invention mey operate with light 
modulation frequencies in the range of from zero herb 

18 to fifty gigahertz. The preferred embodiments may 
thus have an advantage of quick response time and 
may have an ability to measure changes in par- 
ameters of fluids which flow at high rates of Dow, for 
exampl* In high pressure fluid supply lines. 

20 The preferred embodiments of the present Inven- 
tion may also be adapted to detect other substances 
and are not limited to the detection of carbon dioxide, 
for example compounds which have molecules which 
contain atoms of carbon, hydrogen, nitrogen, oxygen 

26 and any organic molecule, although the Invention Is 
not limited to the detection of these exemplary com- 
pounds. 



1. A method of detecting the presence of a subst- 
ance In a fluid, characterised by the steps of pas- 
sing a beam of radiation through said fluid, 
ss separating said beam Into two or more compo- 
nents and comparing a first one or more of said 
components with a second one or more of said 
components. 

40 2. A method according to Claim 1, in which said first 
one or more components) has or have substan- 
tially different wavelength(s) from said second 
one or more components. 

45 3. A method according to Clelm 1 or Claim 2, In 
which said comparing or said first and second 
components la a comparison between signals 
corresponding to a radiation power of said first 
one or more components with a signal cone- 
so spending to a radiation powarof said second one 
or more components. 

4, A method according to Claim 3. wherein said 
comparison is a division of said signal. 

65 

5. A method according to any one of said preceding 
claims, In which said beam of radiation Is a beam 
of visible or Infrared radiation, 
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G, A system for detecting the presence of a subst- 
ance In a fluid (17), characterised by meane (11) 
for emitting electro-magnetic radiation, said radi- 
ation being arranged to pass through said fluid, 
means (14) for separating said radiation into first e 
and second components (18,19) and detection 
meane (15, 16) for detecting said first and second 
components. 

7. A system according to Claim 6, wherein said fluid 10 
(17) Is a liquid, gas or plasma. 

6. A system according to Claim 6 or Claim 7, whe- 
rein said means for emitting electro-magnetic 
radiation Is a light emitting diode (11). is 

8. A system according to Claim B, wherein an active 
region of said light emitting diode (11) Is made of 
an element from any one or more of groups II, III, 

V, VI of the periodic table of elements. 20 

10. A system according to Claim 9, wherein an active 
part of said light emitting diode Is made of 
InAsSbP. 

ss 

11. A system according to any one of the preceding 
clHlms, wherein said means (14) for separating 
the radiation into first and second components 
comprises one or more optical niters. 

so 

12- A system according to any one of Claims 6 to 1 1 , 
wherein said first and second components of radi- 
ation (18, 19) are components having subetarv 
tially different bands of wavelength to each other. 

39 

13. A system according to Claim 11 orClaim 12, whe- 
rein a said optical filter (1 4) Is one of the following: 
a beam splitting filter, a thin film optical filter, a 
prism, a neutral density filter or an attenuating fil- 



17. A system according to any one of Claims 6 to 1 6, 
further comprising any one or more of the follow- 
ing: a computer, a logic unit, a microprocessor, a 
memory device or a display device. 

18. A system according to any one of Claims 6 to 1 8, 
wherein one of said substances Is a gas. 

1B. A system according to any one of Claims 8 to 18, 
wherein said radiation Is modulated at a fre- 
quency of modulation In the range from zero to 
fifty gigahertz, 

20. Arnethod according to any of Claims 6 to 1 9. whe- 
rein said substance Is carbon dioxide, 

21. A system according to any of Claims 6 to 21, 
further comprising means for analysing and/or 
storing dais corresponding to a signal of first and 
second components. 



14. A system according to any one of Claims 6 to 13, 
wherein said means for detecting first and second 
components Is one of the following; a photo diode 
detector, a photo transistor, a photo multiplier 45 
tube or a charge coupled device, 

15, A system according to any one of Claims B to 14, 
wherein one of said detection means (15,16) is a 
lead selenium (PbSe) photo detector. so 

10. A system according to any one or Claims 6 to 15, 
wherein a first detector signal is a reference sig- 
nal of the system and a second detected signal 
includes information on the amount of said subs t- SS 
ance contained In the fluid and said first signal is 
used to compensate said second signal for vari- 
ables of the system, 
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